The aim of the present study was to determine the effect of three strains of Agrobacterium rhizogenes (ATCC 15834, A 4 and LBA 9402) and the nature of explants (leaf and stem) on hairy root induction, growth and plumbagin production in Plumbago indica. The first appearance of hairy roots, the transformation frequency, dry root biomass and plumbagin accumulation were found to be maximum in hairy roots induced in leaf explants infected with A. rhizogenes ATCC 15834 as compared with the other two bacterial strains. The hairy roots generated from stem explants infected with all three strains were not found to be productive in terms of the selected parameters. Finally, the insertion of the rolB gene of A. rhizogenes ATCC 15834 in hairy roots of P. indica derived from leaf explants was confirmed by PCR analysis.
Plumbago indica Linn. (Family: Plumbaginaceae) is a rich source of a therapeutically active, root specific metabolite, plumbagin. This has been reported to possess filaricidal, anticancer, antimicrobial, and antifertility activity [1] [2] [3] [4] . During the past few decades, several attempts have been made to scale up production of plumbagin in vitro by suspension culture [5] and cell culture [6] , but low product yield coupled with instability necessitates improvement for better commercial exploitation. Thus, it is necessary to scale up the production of plumbagin without hampering the natural flora through modern biotechnological applications.
Hairy root culture offers a valuable source of root derived phytochemicals [7] . Agrobacterium rhizogenes, a Gram negative soil grown bacterium, is the causative agent of hairy root formation in dicotyledonous plants. Hairy root cultures are capable of unlimited growth and produce superior yields of root specific plant secondary metabolites. In the present study, it was aimed to determine the effect of three different strains of A. rhizogenes (ATCC 15834, A 4 and LBA 9402) and the nature of the explants (leaf and stem) on hairy root induction, growth and plumbagin accumulation.
Three strains of A. rhizogenes were utilized to infect leaf and stem explants of P. indica. A virulent strain of A. rhizogenes was selected on the basis of transformation frequency, appearance of hairy roots in minimum time, root biomass and plumbagin accumulation. The transformation frequency was found to be highest when P. indica leaf explant was infected with A. rhizogenese ATCC 15834 ( Figure 1) . Similarly, the appearance of hairy roots was best observed (6.6 ± 0.5 th day) when P. indica leaf explants were infected with A. rhizogenese ATCC 15834 ( Figure 1 ). The highest dry root biomass and plumbagin contents were found when P. indica leaf explant was infected with A. rhizogenese ATCC 15834 ( Figure 2 The best results in term of hairy root generation, root biomass and plumbagin content, were generated from leaf explants of P. indica infected with A. rhizogenes ATCC 15834. These were, therefore, subjected to polymerase chain reaction (PCR) analysis for confirmation of rolB insertion. The presence of therolB gene (A. rhizogenese ATCC 15834 strain) in the genomic DNA from randomly selected hairy root clones derived from leaf and stem explants was tested by PCR amplification using rolB forward and reverse primers. All the selected hairy root clones showed amplification of the 780 bp fragment (rolB) and the DNA isolated from non-transformed roots gave no such amplification.
In the present study, the effect of different strains of A. rhizogenes (ATCC 15834, A 4 and LBA 9402) and the nature of the explants (leaf and stem) on hairy root induction, growth and plumbagin production in P. indica have been investigated. The strain specificity observed in the present study agrees with the hypothesis that the ability for infection of a given species by different A. rhizogenes strains is different [8, 9] . It was also observed that the nature of the explants had a significant effect on hairy root culture and metabolite production. It is believed that transformation by A. rhizogenes is species specific and strongly depends on the bacterial strains and culture conditions [10, 11] . The effectiveness of ATCC 15834 in hairy root culture and secondary metabolite production has been previously documented for other species [7, 12] . Due to the better performance of ATCC 15834 than the other two strains, it will be used for subsequent experiments.
Experimental
Bacterial culture: Three different strains of A. rhizogenes viz. ATCC 15834 (pRi 15834), A 4 (pRi A 4 ) and LBA 9402 (pRi 1855) were used in the experiments. A. rhizogenes ATCC 15834 (pRi 15834) strain was maintained in solid Agrobacterium broth (AB) medium [13] . A. rhizogenes A 4 (pRi A 4 ) and LBA 9402 (pRi 1855) strains were maintained in Yeast-Mannitol Broth (YMB) medium [14] . 
Induction and establishment of hairy roots:

Frequency of successful transformation and time (days)
taken for first appearance of hairy roots from leaf and stem explants with the 3 A. rhizogenes strains were recorded. Developing fresh hairy roots arising from the infected explants were cut at the tips and transferred to the MS solid medium (gelled with 0.8% agar) containing 3% sucrose supplemented with cefotaxime (cefotaxime sodium, ALKEM, India) to eliminate bacteria from the culture. Vigorously growing hairy roots free from bacterial contamination were selected from the young root tips and were transferred to 250 mL Erlenmeyer flasks containing 50 mL liquid Murashige, Skoog (MS) medium [15] , pH 5.6, with 3% sucrose, on an orbital shaker at 70 rpm and maintained
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Quantification of plumbagin by high performance liquid chromatography:
Standard plumbagin (Sigma Aldrich, USA) solution for HPLC was prepared by dissolving in HPLC methanol (1µg µL -1 ) and kept at 4 0 C as a stock solution. Before use, a working solution was freshly prepared (50 µg mL -1 ). Hairy root tissue was crushed with 50% (v/v) methanol and the homogenized root material was centrifuged at 10000 g for 20 mins. The supernatant was collected and filtered. 
Confirmation of rolB gene in hairy roots:
The transformed root nature of two randomly selected hairy root clones derived from leaf explants of P. indica infected with A. rhizogenes ATCC 15834 was checked by detecting the rol B gene in their genomes by PCR analysis. For extraction of genomic DNA from hairy root clones and non-transformed in vitro root clones (negative control) the procedure of mini preparation of plant genomic DNA was used [16] . Plasmid DNA from A. rhizogenes ATCC 15834 was isolated by the alkaline lyses method [17] , which served as a positive control. The primer sequences (Bangalore Genie, India) used to amplify a 780 bp fragment of the rolB gene of the isolated DNA samples were: 5′-ATG GAT CCG AAA TTG CTATTC CTT CCA CGA-3′-Forward primer and 3′-TTA GGC TTC TTT CTT CAG GTT TAC TGCAGC-5′ -Reverse primer.
A 25 µL volume of reaction mixture used consisted of 20 ng (2 µL) of template DNA, 100 ng (1 µL) of forward and reverse primer; 1 µL (2.5 mM) dNTPs; 0.5 µL (0.5 U) Taq DNA polymerase; 2.5 µL 10X Taq buffer, and 17 µL H 2 O. PCR amplification was programmed at an initial denaturation step at 94°C for 5 min, followed by 35 cycles of denaturation at 94°C for 45 sec, annealing at 55°C for 45 sec and extension at 72°C for 1 min, followed by final extension for 10 min at 72°C. Amplified products were separated by electrophoresis analyzed along with a 100 bp DNA ladder (Bangalore Genie, India) on a 1.5% agarose gel stained with ethidium bromide with 1% Tris borate EDTA (TBA) as running buffer.
Data analysis:
All sets of experiments were carried out in triplicate and the data were analyzed statistically using SPSS software (10.0.5, 1999, SPSS Inc). Variability in data was expressed as the mean ± standard errors.
